a2 United States Patent

Kanou et al.

US009171215B2

US 9,171,215 B2
Oct. 27, 2015

(10) Patent No.:
(45) Date of Patent:

(54) IMAGE PROCESSING DEVICE

(71)  Applicant: HONDA MOTOR CO., LTD.,
Minato-ku, Tokyo (IP)

(72) Tadahiko Kanou, Saitama (JP);

Masahiko Adachi, Saitama (JP)

Inventors:

(73)

")

Assignee: Honda Motor Co., Ltd., Tokyo (JP)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

1) 14/371,530

(22)

Appl. No.:
PCT Filed: Novw. 29, 2012

PCT No.:

§371 (o)D),
(2) Date:

(86) PCT/IP2012/080894

Jul. 10, 2014

(87) PCT Pub. No.: W02013/108493

PCT Pub. Date: Jul. 25, 2013

(65) Prior Publication Data

US 2014/0375815 Al Dec. 25, 2014

(30) Foreign Application Priority Data

Jan. 17,2012 (JP) 2012-006947

(51) Int.CL
GOGK 9/00
HO4N 9/04

(2006.01)
(2006.01)

(Continued)

(52) US.CL
CPC oo GOGK 9/00798 (2013.01); B6OR 1/00
(2013.01); HO4N 5/2351 (2013.01); HO4N
5/2355 (2013.01); HO4N 9/045 (2013.01);

B60R 2300/804 (2013.01)

(58) Field of Classification Search
CPC ... HO4N 5/2351; HO4N 5/2355; HO4N 9/045;
B60R 1/00; B60R 2300/804; GO6K 9/00798
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS
6,784,939 Bl

2008/0187235 Al
2009/0316018 Al

8/2004 Lee et al.
8/2008 Wakazono et al.
12/2009 Umeda

(Continued)

FOREIGN PATENT DOCUMENTS

Jp 2007-180811 A 7/2007
Jp 2008-507908 A 3/2008
(Continued)
OTHER PUBLICATIONS

extended European Search Report dated Jun. 30, 2015 issued in the
counterpart EP Patent Application 12866134.5.

Primary Examiner — Andy Rao

Assistant Examiner — Tyler Edwards

(74) Attorney, Agent, or Firm — Carrier Blackman &
Associates, P.C.; Joseph P. Carrier; William D. Blackman

(57) ABSTRACT

An exposure level determination unit (33) determines, for a
region of interest in an original image captured by a camera
(2) using a first exposure level in a control cycle at a prede-
termined time point, a second exposure level which is an
exposure level for the next control cycle, by calculating a
transparent pixel saturation rate which is a ratio of transparent
pixels having a saturated gradation value among transparent
pixels in the region of interest, and changing the first exposure
level according to the transparent pixel saturation rate.

8 Claims, 9 Drawing Sheets

! k)
H
i
3 8 i
1 2 ')
! i) - 30 40 ,/ { :
LN ORIGINAI, IMAGE ] / o s !
i ACQUIRING UNIT T !
e I R
i IMAGE = ?
Ve 22 42 12
= )
; MAGE CONTROL UNIT | pevice ||
! EXPOSURE LEVEL J} | | S
! DETERMINATION UNIT 43 83 !
: BISPLAY o8
i Boy 3 iy DISPLAYING X
; CAMERA CONTROL St ':;AGE CONTROL UNIT !
; UNIT ‘
i 35 44 84 ;
' by = !
! GENERATION UNIT DYNAMIC | CAN DRIVER :
! 36 RANGE IMAGE —_— (
i BHIEDT !
! DETECTION UNIT !
1
1 - B0 !
: = !
CAN DRIVER ‘
i
‘ :
i
i
i
i



US 9,171,215 B2

Page 2
(51) Int.ClL FOREIGN PATENT DOCUMENTS
B6OR 1/00 (2006.01)
04N 57235 (2006.01) P 2008-104010 A 5/2008
P 2010-199849 A 9/2010
(56) References Cited P 2011-066637 A 3/2011
P 2011-114576 A 6/2011
U.S. PATENT DOCUMENTS Jp 2012-084814 A 4/2012
WO 2006/014641 A2 2/2006
2011/0063481 Al 3/2011 Natori
2011/0085062 Al 4/2011 Rhodes
2012/0050074 Al* 3/2012 Bechtel etal. .............. 340/988 * cited by examiner



US 9,171,215 B2

Sheet 1 of 9

Oct. 27, 2015

U.S. Patent

e T P NP R

A

HIAMO NYD
]
pg—"

LING IOHENDD

ONIAYISIO
AY1dS10
g9

dDIAZT LINTT TOHLNGD
AU ENLASE
e 79 -
ERILET LINTY JOHENOD
DNIMITLS OMIH33LS
- 1o~
L
%
g

HIARMCD NYD

J
g~
1INA NDIESF130
LOErE0
FDVIAT FONYH 8¢
DINYNAG LINN NOLLYYENGD
M A0y
iy a\LM ,mmi\
LINR
IOV
ALALLIENGS TOHANGD YEINVD
I ge—" 3
ey o LINA NOLLYNINYEL30
TAATT RANSODNT
IDVIL o )
HO00
iy LINA DNLLLES 2z e
“ ) §
S 1S3HILING 40 NOIDIY L /
TYNIDIHO b e
Thd LINN DNRINDOY _wm m
\ IOYVINL TYNIDIO LA
z
19



U.S. Patent Oct. 27, 2015 Sheet 2 of 9 US 9,171,215 B2
FiG.24
- }:3 2 3 4 5 5 .................. n
ST Ryt | Giol Bugl Gual Rug| Gral wroovrrriroreor £
2H Gar | Woa| Gog| Waa| Gag|Was) o © P
3 n Bar | Gaz| Raa| Gga| Bas| Gas} o Fan
4 i} Go Wiz ! Gag| Waa| Gas Wag! - e Fun
| | P
5 t RB’i Gﬁ:g 35:; 854 R55 Gﬁﬁ ------------ Y FS{E _:-}
61 Gor | Wea| Gaa| Wea| Gos Wae) v For 22
[ Fnﬂ §rmZ mel Fmé Fmﬁ Fmﬁ crmryh o an
FISONEQFR G B ANDW,
HG.2B
FL 203 4 5 B e n
=1 | Sy Sgi28bea | Sg1e| Srys 1 8ge) R o 18,
2 | Sgn1iSwoy Sgas[OWau SgasSweg Stn
3 |Sbyi|Sgag| Sraa | Sgae|Sbas{Seael - Sy,
4 Sgdi SW42 Sg&m Swém Sgé,ﬁ SWQ_{;‘ e e s Sﬁ!ﬂ v/ﬁ. 41
5 |Srs|OgssiObsai Sgayi Srs|Sgssl - Sfs, 'j
8 15851 SwenSueaSwWaal Sges SWeg) -0 Sfe-
m Sfmi Sfm?, Sfmﬁ 8itm-i Sfmfi Sfmﬁ Tt Sfmrs

£15 ONE OF r, g, b, AND w,



U.S. Patent

m

Oct. 27, 2015 Sheet 3 of 9 US 9,171,215 B2
FIG.3

S T - T R "

Cit | CrpiCra Gua{Gys | Gygp o Cin

‘Qm Cop | Cos | Cogd Cag | Cog | vrrrvvrrroeee Ca

CS’E SEZ (333 {334 C35 {}36 ................. S@r“

Ca1{Caz | Caa | Caa | Cas | CGagg | oo Can 2

Co | Coz | Cus! Cosgl Css 1 Cog | «ovvvverrrvnnns Cen I

Cos | Cea | Ces | Cos| Ces| Cag| ~ooooor oo Con

G 1Cs | G | Cong i G| G | cv e eeeanns {;mn




US 9,171,215 B2

Sheet 4 of 9

Oct. 27, 2015

U.S. Patent

HG.4A

800

FIG.48

- 41

R27 R28

R21 R22 RZ23 R24 R25/R26

R2 R3I| R4 R5|R6 R7|R8 | RS9 RI0

R11 R12 R13/R14 R15|R16 | R17|R18| R19R20

R1

{
80

e

5,

Npo



U.S. Patent Oct. 27, 2015 Sheet 5 of 9 US 9,171,215 B2

HG.5

(" START )

‘ STEP1
~" FOR ROI WHICH IS TRANSPARENT PIXEL
SATURATION RATEZ Wih

STER2
AGQUIRE R, G, AND B VALUE OF EACH PIXEL IN ROl

) STEP3
" COLOR PIXEL SATURATION ™ yga
RATE 2 Cth? Vo

NO

STEPY
CALCULATE REFERENCE GRADATION
VALUE ¥ FROM R, G, AND B VALUE

STEPS

STEPS

~"ONR OR MORE REFERENCE GRADATION ™ NO
' VALUE Y CALCULATED?

YES

STEP?
CALOULATE WEIGHTING AVERAGE VALUE Y,y OF
- CALCULATED REFERENGE GRADATION VALUES Y

STERS STEPZO
CALCULATE EXPOSURE GONTROL CALCULATE EXPOSURE CONTORL
VALUE BY THE EQUATION VALUE BY THE EQUATION
ERH1)=(B S @ Y aye JED E(t+) = 08 X E)
; 1
STERY

( END




U.S. Patent Oct. 27, 2015

Sheet 6 of 9 US 9,171,215 B2
HG.6
{ START }
STEP30 1 STEP40

EXTRACT PLURALITY OF TRAFFIG
LANE BLOGKS FROM ORIGINAL IMAGE

STEP3L
FOR THE UNSATURATED TRAFFIG ™
LANE BLOGKS {Lb1, Lb2, ., Lbh) g

STEP3Z

GALCULATE AVERAQGE VALUE Lhw OF
W PIXELS IN TRAFFIC LANE BLOCK

EXTRACT PLURALITY OF ROAD
BLOCKS FROM ORIGINAL IMAGE

STEP4Y
© FOR THE UNSATURATEDR ROAD
1 BLOCKS (Rhi, Rb2, ., Rbk}

STEP42
CALCULATE AVERAGE VALUE Rbw OF

W PIXELS IN ROAD BLOGK

STEP3]

CALCGULATE AVERAGE VALUE Lby OF ¥ OF CALCULATE AVERQGE VALUE Rby OF
R, G. B PIXELS IN TRAFFIC LANE BLOCK

STER43

¥ OF R G, B PIXELS IN ROAD BLOCK

STER34

STER3S

STEP44.

STEP45

CALCULATE AVERAGE VALUE Lbw,,.
OF CALCULATED Lbw OF TRAFFIC
LANE BLOCK

STEPR3S

CALCULATE AVERAGE VALUE Rbw,,
OF CALCULATED Rbw OF ROAD
BLOCK

CALCULATE AVERAGE VALUE
Liv.e OF CALCULATED Lby OF
TRAEFIO LANE BLOCK

STERZY

STEP48

CALCULATE AVERAGE VALUE Rby,.e
OF CALGULATED Roy OF ROAD BLOCK

STER47

GALCULATE COEFFIGIENT o'lb
EXPRESSING SENSITIVITY DIFFERENCE
OF TRAFFIC LANE BLOCK

CALCULATE COEFFICIENT aRb
EXPRESSING SENSITIMTY
DIFFERENCE OF ROAD BLOCK

L STEP38

- CALCULATE @ BY WEIGHTING-AVERAGING aLb AND gRb




US 9,171,215 B2

Sheet 7 of 9

Oct. 27, 2015

U.S. Patent

FIDAD HOHLNOD LXEN JO (1443
mgdﬁb .@QEMEQQ m&nm@&vﬁ

{3MIVA NOLLYOVED *A)
N.ne.}m\wr

AMY JON3YISH0
ALIALLISNES

EIYA NOULYOYHD
Td M 40 3NTIVA O3HIS3G)

g IN3EA4300 DNILSNPraY
MOLLVYOYYHD % -5

P .

A

£94

FI0AD TCOHLINGD LNIHHND 40
ﬁcm FIVA TOHINOO RINS0dX3

YHINYD

{ANTYA 40 NOLLY QYU

Kamh{@dmw N

Wi\ﬂ‘%f

sssssssssssssssss (8)552

AMIYA NOLLVHOLYS
Ea ;

NOLLYCYHD T3XId M, !

40 3NYA GINNSSY)

0 X A=1M



U.S. Patent

151

m

Oct. 27, 2015 Sheet 8 of 9 US 9,171,215 B2

FIG.8A

B2 03 4 B B e "

il Hip | His | Hog L Hug | Big | oo H,

Moy | Hop | Hog | Hpg | Has | Hag | -ooomoereoes Han

M| Hazf Hag | Haa  Hag{Hgs | oo Han

P | Haz | Fag | Haa i Fag L Hug | oo onnoen Han L

Hgq | Hso | Haa | Hsa | Has | Hag Hoo |7

Hm Hoz | Hoa (Hog [ Hes{Heg| - Han

ot | Hog | Hoa | Foe | Hos | Hogl oo .
FlG.88

P S S S S "

Dot Do {Das | Bia | Des [ Digy o Dyn

st 32? SE‘S Q?Q 325[}2& .................. E}Eﬁ

E}3_£ {}32 D33 DS&‘, E}ﬁﬁ QSS ................ D?n

Dar | Daz  Dag i Dag | Dus | Dag | - oovvvrernnne D a

Dsi|Dsz | Dssi Dsa] Dss Dss| oo [Den|

Dot | Da2 | Dea | Daa{ Dgs | Dgg| - oooeve Den

Dot | Doa | Dovs | Dt { Do | D | o voomeeeeoee D..




U.S. Patent Oct. 27, 2015 Sheet 9 of 9 US 9,171,215 B2
FIG.9A

BE 203 & B B e "
S Ryl Wl Bial Weal R Wigl oorrrneoerroees Fio
21 Wor | G| Wos! Gl Was| Gagl oo rrovrer oo Fy
31 Bar| Wap| Rog| Waa| Bas Was) oo v Fan
4 W | Gapl Waa ! Gag] Was| Gagl —oovreovore s £, s
5l Ror | Wl Bas | Wael Reg i Wanl o ocooveeonnn F, -4
61 War | Goo| Wes! Goal Wes| Geg| - ovverrroons F o2
el Eoy | Frgl Fogt Frogd Frgl Fagl - oveirooneoeon (Foy

FISONE OF R G B AND W,
FiG.9B

N A N N T R "
=1 18ry Swieish|SwiSeslSBwig, S
2 15w Sgag|Sway Sgoa|SwesSEes) Sty
3 1Sby \Swag Srya [Bwae ShasiSwggl o Sfa,
4 15w SgarSwanlSgas|Swas Sgas, - S
5 | Srs: [Swsy Shss Swad SessSWagl oo Stol
6 |Sws | SesoSWes Ssa SWas Stss oo Sfsn
m | S S Sl S| SFns i Sl 0 St

fIS ONE QF r, g b, AND w.



US 9,171,215 B2

1
IMAGE PROCESSING DEVICE

TECHNICAL FIELD

The present invention relates to an image processing device
which processes imaging data acquired by an imaging ele-
ment including an arrangement of pixels for receiving light
through a color filter and pixels for receiving light without
using a color filter.

BACKGROUND ART

Conventionally, there has been proposed a method of
improving the sensitivity of a color image by using an imag-
ing element including an arrangement of pixels for receiving
light through a color filter (color light-receiving pixels) and
pixels for receiving light without using a color filter (trans-
parent light-receiving pixels) (refer to, for example, Patent
Document 1).

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Published Japanese translation of PCT
International Publication for Patent Application No. 2008-
507908

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

Comparing pixels for receiving light through a color filter
(color light-receiving pixels) and pixels for receiving light
without using a color filter (transparent light-receiving pix-
els), the transparent light-receiving pixels have higher sensi-
tivity than the color light-receiving pixels. Therefore, when
imaging an object with high luminance, the transparent light-
receiving pixels saturate first (exceeds a saturated charge
amount of photodiode).

Once the transparent light-receiving pixels saturate, it is
difficult to set an exposure level of the camera to an appro-
priate level of a degree which does not generate saturation of
the transparent light-receiving pixels. In this regard, Patent
Document 1 proposes a method to prevent the saturation of
the transparent light-receiving pixels by setting a charge stor-
age time by the received light of the transparent light-receiv-
ing pixels to a shorter time than that of the color light-receiv-
ing pixels.

However, this method has an inconvenience that a pixel
circuit and the readout circuit of the imaging element become
complicated, and also has an inconvenience that the image
quality of the captured image becomes considerably deterio-
rated due to the fact that the charge storage time differs
between the transparent light-receiving pixels and the color
light-receiving pixels.

The present invention has been made in view of the above
background. Therefore, it is an object of the present invention
to provide an image processing device capable of appropri-
ately setting an exposure level of a camera using an imaging
element including an arrangement of pixels for receiving light
through a color filter and pixels for receiving light without
using the color filter, while restraining complexity of circuit
configuration and deterioration of image quality of the cap-
tured image.
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2

Means for Solving the Problems

The present invention has been made in order to achieve the
above object, and an image processing device of the present
invention comprises:

a camera configured to capture an image using an imaging
element including an arrangement of a plurality of color
light-receiving pixels which receive light through a color
filter and a plurality of transparent light-receiving pixels
which receive light without using the color filter;

a camera control unit configured to capture an image by the
camera at a predetermined exposure level for each predeter-
mined control cycle;

aregion of interest setting unit configured to set at least one
predetermined region of interest with respect to an original
image captured by the camera and including an arrangement
of a plurality of color pixels which are individually assigned
with a gradation value according to a light-receiving level of
each of the color light-receiving pixels and a plurality of
transparent pixels which are individually assigned with a
gradation value according to a light-receiving level of each of
the transparent light-receiving pixels; and

an exposure level determination unit configured, for the
region of interest of the original image captured by the camera
using a first exposure level in a control cycle of a predeter-
mined time point, to calculate a transparent pixel saturation
rate which is a ratio of transparent pixels whose gradation
value is saturated among the transparent pixels in the region
ofinterest, and to determine a second exposure level which is
an exposure level of a next control cycle, by changing the first
exposure level according to the transparent pixel saturation
rate (first aspect of the invention).

According to the first aspect of the invention, as the trans-
parent pixel saturation rate calculated by the exposure level
determination unit is higher, the degree of excess of the expo-
sure level of the camera becomes larger. Therefore, by deter-
mining the second exposure level by changing the first expo-
sure level according to the transparent pixel saturation rate
calculated from the original image captured with the first
exposure level, it is able to make the exposure level of the
camera appropriate at the next control cycle. In such case,
since it is not necessary to set the charge storage time by the
light received by the transparent light-receiving pixels and by
the color light-receiving pixels to be different, the pixel cir-
cuit and the readout circuit of the imaging element do not
become complicated and the image quality of the captured
image does not deteriorate due to the difference of the charge
storage time.

According to the first aspect of the invention, it is prefer-
able that the exposure level determination unit is configured,
with respect to the region of interest, to calculate a color pixel
saturation rate which is aratio of color pixels whose gradation
value is saturated among the color pixels, and when the color
pixel saturation rate is less than a predetermined color pixel
saturation threshold value, to calculate a gray first reference
gradation value based on the gradation value of each of the
color pixels in the region of interest, and to determine the
second exposure level based on the first reference gradation
value (second aspect of the invention).

According to the second aspect of the invention, when the
color pixel saturation rate is less than the color pixel satura-
tion threshold value, it is able to recognize the degree of
allowance until the color light-receiving pixels saturate at the
first exposure level, from the first reference gradation value
based on the gradation value of the color pixels. Moreover,
since the difference of sensitivity of the transparent light-
receiving pixels and the color light-receiving pixels falls
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within a range of a certain degree, it is able to estimate the
degree of overexposure of the transparent light-receiving pix-
els at the first exposure level from the first reference gradation
value. In this regard, it is able to appropriately determine the
second exposure level based on the first reference gradation
value.

According to the second aspect of the invention, it is pref-
erable that the color filter is a three primary color filter, and the
color light-receiving pixels receive light through a filter of
either color among three primary colors,

the exposure level determination unit is configured, for
each transparent pixel in the region of interest, to assign each
gradation value of the three primary color based on the gra-
dation value ofthe color pixels arranged in periphery, and also
for each of the color pixels in the region of interest, to assign
each gradation value of the three primary color based on the
gradation value of each of the color pixels or the gradation
value of other color pixels arranged in periphery, to calculate
a gray second reference gradation value of each pixel from
each gradation value of the three primary color assigned to the
each pixel of the original image, and to calculate the first
reference gradation value by averaging the second reference
gradation value of the each pixel (third aspect of the inven-
tion).

According to the third aspect of the invention, it is able to
calculate the first reference gradation value by assigning each
gradation value of the three primary color to each pixel with
respectto the original image captured by the imaging element
provided with a general three primary color filter as the color
filter.

According to the third aspect of the invention, it is prefer-
able that the exposure level determination unit is configured
to extract an unsaturated region from the region of interest,
the unsaturated region being a region in which the transparent
pixel saturation rate is less than a first transparent pixel satu-
ration threshold value and also the color pixel saturation rate
is less than a second color pixel saturation threshold value,
and to calculate a luminance difference degree between an
average value of the gradation value of the transparent pixels
in the unsaturated region and an average value of the second
reference gradation value of the color pixels in the unsatur-
ated region, and to determine the second exposure level by
using a corrected gradation value in which the first reference
gradation value is corrected based on the luminance differ-
ence degree.

(fourth aspect of the invention).

According to the fourth aspect of the invention, the lumi-
nance difference degree between the average value of the
gradation value of the transparent pixels in the unsaturated
region and the average value of the second reference grada-
tion value of the color pixels in the unsaturated region reflects
the difference in sensitivity between the transparent light-
receiving pixels and the color light-receiving pixels. In this
regard, the exposure level determination unit is able to calcu-
late the corrected gradation value which corresponds to the
gradation value of the saturated transparent pixel by correct-
ing the first reference gradation value by using the luminance
difference degree. Moreover, by using the corrected gradation
value, it is able to determine the second exposure level
according to the degree of saturation of the transparent pixels.

According to the fourth aspect of the invention, it is pref-
erable that the second exposure level is determined based on
a difference between a maximum permissible gradation value
of'each transparent pixel and the corrected gradation value, so
as to reduce the difference (fifth aspect of the invention).

According to the fifth aspect of the invention, the corrected
gradation value corresponds to the gradation value of the
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saturated transparent pixel, the difference degree of the maxi-
mum permissible gradation value of the transparent pixels
and the corrected gradation value becomes a degree indicat-
ing an excess degree from the maximum permissible grada-
tion value of the transparent pixels. Therefore, by determin-
ing the second exposure level so as to reduce this difference,
it is able to make the second exposure level to be the appro-
priate one.

According to the fourth or the fifth aspect of the invention,
it is preferable that the camera is mounted on the vehicle and
images a periphery of the vehicle, and the exposure level
determination unit is configured to extract the unsaturated
region from an image portion of a road included in the origi-
nal image (sixth aspect of the invention).

According to the sixth aspect of the invention, since the
road is generally an achromatic color (gray or the like), each
gradation value of the three primary color assigned to the
color pixels of the image portion of the road included in the
region of interest becomes a gradation value according to the
achromatic color. Therefore, by extracting the unsaturated
region from the image portion of the road, it is able to accu-
rately calculate the luminance difference degree. The position
of the image portion of the road in the region of interest may
be a fixed location which is previously assumed and deter-
mined as a portion the road occupies in the original image or
may be a range detected from the original image.

According to the sixth aspect of the invention, it is prefer-
able to comprise a lane mark detection unit configured to
detect an image portion of a lane mark laid on the road from
the original image, and

wherein the exposure level determination unit is config-
ured to recognize the image portion of the road included in the
original image based on a position of the image portion of the
lane mark detected by the lane mark detection unit (seventh
aspect of the invention).

According to the seventh aspect of the invention, the region
of interest setting unit is able to accurately recognize the
image portion of the road in the original image from the image
portion of the lane mark in the original image detected from
the lane mark detection unit, and to set the unsaturated region
in the image portion of the road.

The lane mark detection unit is configured to detect an
image portion of a white line as the image portion of the lane
mark, and

the exposure level determination unit is configured to
extract a first of the unsaturated region from the image portion
of'the road in the region of interest and also extract a second
of'the unsaturated region from the image portion of the white
line in the region of interest, and to calculate the luminance
difference degree used for a calculation of the corrected gra-
dation value by weighting and averaging a first of the lumi-
nance difference degree calculated for the first of the unsat-
urated region and a second of the luminance difference degree
calculated for the second of the unsaturated region (eighth
aspect of the invention).

According to the eight aspect of the invention, it is able to
calculate the luminance difference degree by weighting either
ofthe achromatic color road and the white line which is more
important.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an image processing device.

FIG. 2A and FIG. 2B are explanatory diagrams of captured
images taken by a filter of an imaging element and a camera.

FIG. 3 is an explanatory diagram of a color image.

FIG. 4A and FIG. 4B are an explanatory diagram of a
region of interest.

FIG. 5 is a flowchart of arithmetic processing of an expo-
sure control value.

FIG. 6 is a flowchart of arithmetic processing of a sensi-
tivity difference coefficient.

FIG. 7 is an explanatory diagram of the arithmetic process-
ing of the exposure control value.

FIG. 8A is an explanatory diagram of a high-sensitivity
image and FIG. 8B is an explanatory diagram of a wide
dynamic range image.

FIG. 9A and FIG. 9B are explanatory diagrams of captured
images taken by a filter of an imaging element and a camera
in another embodiment.

MODE FOR CARRYING OUT THE INVENTION

An embodiment of an image processing device of the
present invention will be described with reference to FIG. 1 to
FIG. 9. With reference to FIG. 1, the image processing device
according to this embodiment includes a camera 2 mounted
on a vehicle 1 and an image controller 3 connected to the
camera 2.

The camera 2 takes an image of a surrounding area of the
vehicle 1 by using an imaging element 22 (CCD, CMOS, etc.)
in which a filter 21 is incorporated and outputs imaging data
to a control circuit 30. The imaging element 22 is configured
by arranging a plurality of light-receiving elements of (mxn)
in a matrix in a plane.

With reference to FIG. 2A, the filter 21 is attached with any
one of the color filters of three primary colors R (red), G
(green), and B (blue) individually arranged in the light-re-
ceiving path of each of the light-receiving pixels of (mxn) of
the imaging element 22. As the color filters, some other type
of color filters other than the three primary colors RGB (such
as complementary color filters CyMgY) may be used.

Then, the camera 2 outputs data of gradation values as
imaging data to the image controller 3. The gradation value
depends on a received light level per predetermined time
period of a R light-receiving pixel (represented by R,
R,s, . . . in the figure and corresponding to a color light-
receiving pixel of the present invention) on which an R filter
is mounted, a G light-receiving pixel (represented by G, ,,
Gy, . - . in the figure and corresponding to a color light-
receiving pixel of the present invention) on which a G filter is
mounted, a B light-receiving pixel (represented by B,;,
By, . . . in the figure and corresponding to a color light-
receiving pixel of the present invention) on which a B filter is
mounted, and a W light-receiving pixel (represented by W,,,
W,,, . . . in the figure and corresponding to a transparent
light-receiving pixel of the present invention) on which the
filter 21 is not mounted.

The image controller 3 has a control circuit 30 including a
CPU, a memory, an input-output circuit, and the like, which
are not illustrated, an image memory 40, and a CAN (Con-
troller Area Network) driver 50.

The control circuit 30 functions as an original image
acquiring unit 31, region of interest (ROI: Region Of Interest)
setting unit 32, an exposure level determination unit 33, a
camera control unit 34, an image generation unit 35, and an
object detection unit 36 by executing an image processing
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program stored in the memory by using the CPU. Inciden-
tally, a part or all of the original image acquiring unit 31, the
region of interest setting unit 32, the exposure level determi-
nation unit 33, the camera control unit 34, the image genera-
tion unit 35, and the object detection unit 36 may be config-
ured by hardware.

The original image acquiring unit 31 acquires data of an
original image 41 from imaging data output from the camera
2, and retains the acquired data in the image memory 40. As
shown in FIG. 2B, the original image 41 is formed by indi-
vidually assigning the gradation value of respective light-
receiving pixels (R light-receiving pixels, G light-receiving
pixels, B light-receiving pixels, W light-receiving pixels) of
the imaging element 22 illustrated in FIG. 2A as a gradation
value of pixels in the corresponding arrangement position (a
pixel in the same arranged position). In FIG. 2B, the gradation
value of each pixel is represented in the form of S (upper-
case)+one of lowercase characters r, g, b, w+i,j (i=1,2, . . .,
myj=1,2,...,n).

Here, r represents a gradation value of a pixel (hereinafter
referred to as “R pixel”. It corresponds to a color pixel of the
present invention) in the arrangement position corresponding
to the R light-receiving pixel in FIG. 2A, g represents a
gradation value of a pixel (hereinafter, referred to as “G
pixel”. It corresponds to a color pixel of the present invention)
in the arrangement position corresponding to the G light-
receiving pixel in FIG. 2A, b represents a gradation value of
apixel (hereinafter, referred to as “B pixel”. It corresponds to
a color pixel of the present invention) in the arrangement
position corresponding to the B light-receiving pixel in FIG.
2A, and w represents a gradation value of a pixel (hereinafter,
referred to as “W pixel”. It corresponds to a transparent pixel
of the present invention) in the arrangement position corre-
sponding to the W light-receiving pixel in FIG. 2A.

The image generation unit 35 generates a color image 42
from the original image 41 and retains the data in the image
memory 40. Moreover, the image generation unit 35 gener-
ates a high-sensitivity image 43 from the original image 41
and the color image 42, and retains the data in the image
memory 40. A wide dynamic range image 44 is generated
from the color image 42 and the high-sensitivity image 43,
and the data is retained in the image memory 40. The details
of the generation process of the color image 42, the high-
sensitivity image 43, and the wide dynamic range image 44
will be described later.

The region of interest setting unit 32 sets 28 region of
interests R1 to R28 as illustrated in FIG. 4B in a range includ-
ing the image portion 80 of the road of the original image 41
as illustrated in FIG. 4A. The original image 41 includes
lengthwise (vertical direction) 480 pixelsxcrosswise (hori-
zontal direction) 800 pixels, and the region of interest
includes 80 pixels (verticalxhorizontal).

The exposure level determination unit 33 determines the
exposure control value (corresponding to the exposure level
of'the present invention) in the next control cycle based on the
gradation values of the region of interest R1 to R28. The
camera control unit 34 controls the exposure level of the
camera 2 for each predetermined control cycle according to
the exposure control value determined by the exposure level
determination unit 33, and captures an image.

Inthe present embodiment, the change of exposure level of
the camera 2 is performed by changing the charge storage
time by an electronic shutter. However, a mechanical shutter
may be also used. Moreover, the exposure level may be
changed by changing the diaphragm of the lens equipped to
the camera 2.
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The object detection unit 36 (including the lane mark
detection unit of the present invention) detects a lane mark
laid on a road where the vehicle 1 is traveling, other vehicles,
a traffic light, a pedestrian, and the like by using the color
image 42, the high-sensitivity image 43, and the wide
dynamic range image 44 and transmits various control signals
to the vehicle controller 6 according to the detection result.

The vehicle controller 6 is an electronic circuit unit which
includes a CPU, a memory, an input-output circuit, and the
like, which are not illustrated, and functions as a steering
control unit 61 which controls the operation of a steering
device 71, a brake control unit 62 which controls the opera-
tion of a brake device 72, and a display displaying control unit
63 which controls the display of a display 73 by executing a
control program of the vehicle 1 retained in the memory by
using the CPU. The image controller 3 and the vehicle con-
troller 6 communicate with each other via CAN drivers 50
and 64.

1. Generation Process of Color Image

Next, the generation process of the color image 42 by the
image generation unit 35 is explained. The image generation
unit 35 generates the color image 42 illustrated in FIG. 3 on
the basis of the gradation value of each pixel of the original
image 41. In the color image of FIG. 3, the gradation value of
each pixel is represented by C, ; (i=1,2 ..., m,j=1,2, ..., n).

As described below, C, ; has three elements of a gradation
value such as an R value (C, r: the gradation value of R), a G
value (C, g: the gradation value of G), and a B value (C, b: the
gradation value of B).

Ci,/:{cijraci,jgacijb}

[1-1. Assignment of G Value to C, ]

The image generation unit 35 first calculates a G value
(C, 8)to beassigned to each pixel (C, ;) of the color image 42.
With respect to the G pixel (the pixel having a gradation value
Sg, ;) of the original image 41, the gradation value of a target
pixel is determined to be the G value of a pixel in the corre-
sponding arrangement position (a pixel in the same arranged
position) of the color image 42. For example, the image
generation unit 35 determines the gradation value (Sg, ;) of
the pixel of (i,j)=(2, 3) of the original image 41 to be the G
value (C, ,g) of the pixel of (i,j)=(2, 3) of the color image 42.

In addition, with respect to an R pixel (a pixel having a
gradation value Sr, ), a B pixel (a pixel having a gradation
value Sb, ;), and a W pixel (a pixel having a gradation value
Sw, ;) of the original image 41, pixels vertically and horizon-
tally adjacent to the R, B, or W pixels are G pixels as illus-
trated in FIG. 2B. Therefore, the image generation unit 35
calculates G values (C, ;g) to be assigned to the pixels in the
corresponding arrangement positions of the color image 42,
with respect to the gradation values (Sg,_, ;, Sg;,1 > Sg:
Sg, ;.1) of the G pixels vertically and horizontally adjacent to
the target R, B, or W pixels, by using the following equations

(1) to (4).

[Math. 1]

1= |Sgi+1,j _Sgifl,ﬂ €8]
[Math. 2]

J1 = |Sg;,j+1 —Sg;,j,1| 2
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8
-continued
Math. 3]
Ciig= M(when 11<J1) @
Math. 4]
Ciig= M(when 11> J1) @

[1-2. Assignment of R value to C, ]

Subsequently, the image generation unit 35 calculates an R
value (C, ) assigned to each pixel (C, ;) of the color image 42.
With respect to the R pixel (the pixel having a gradation value
Sr, ;) of the original image 41, the R value (Sr, ;) of a target
pixel is determined to be the R value (C, ) of a pixel in the
corresponding position of the color image 42. For example,
the image generation unit 35 determines the gradation value
(Sr; ) of the pixel of (i,))=(3, 3) of the original image 41 to be
the R value (Cr, ;) of the pixel of (i,))=(3, 3) of the color image
42.

Moreover, with respect to a B pixel (a pixel having a
gradation value Sb, ) of the original image 41, the second
vertically and horizontally adjacent pixels are R pixels as
illustrated in FIG. 2B. Therefore, the image generation unit
35 calculates R values (C, r) to be assigned to the pixels in the
corresponding arrangement positions of the color image 42,
with respect to the target B pixels, by using the following
equations (5) to (8).

Math. 5]

12 = |Sriypj = Sricajl 5)
Math. 6]

J2 =|Sr; 2 = Sri jal (6)
Math. 7]

Srivn ;i +Srip; 7

Cpjr= DRI (en 12 < J2) ™
[Math. 8]

S+ Sh 2 @®

Cir= (when 12 > J2)

Moreover, with respect to a W pixel (a pixel having a
gradation value Sw, ) of the original image 41, R pixels are
arranged in the diagonally upward right position and the
diagonally downward left position or in the diagonally
upward left position and the diagonally downward right posi-
tion as illustrated in FIG. 2B. Therefore, the image generation
unit 35 calculates R values (C, ;r) to be assigned to the pixels
in the corresponding arrangement positions of the color
image 42, with respect to the target W pixel of the original
image 41, by using the following equations (9) and (10).

[Math. 9]

_Sricn et +8Tiv 1 )
- 2

when R pixels are arranged in diagonally upward ]

Cir

right positon and diagonally downward left position
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-continued
[Math, 10]

SFy iy 4+ S 10
cor=0i Lj-1 : Ll (10
when R pixels are arranged in diagonally upward ]

left position and diagonally downward right position

Moreover, with respect to a G pixel of the original image
41, an R pixel is arranged in one of the pixels vertically and
horizontally adjacent to the G pixel as illustrated in FIG. 2B.
Therefore, the image generation unit 35 calculates R values
(C, 1) to be assigned to the pixels in the corresponding
arrangement positions of the color image 42, with respect to
the target G pixel of the original image 41, by using the
following equations (11) to (14).

[Math. 11]

CiJr:Sr.

i1y

[Math. 12]

CiJr:Srl-,u

[Math. 13]
Cimjrzsri—l,j

[Math. 14]

(when R pixel is arranged on lower side)

an

(when R pixel is arranged on upper side) (12)

(when R pixel is arranged on right side)

13)

C; #=Sr;;_; (when R pixel is arranged on left side) (14)

[1-3. Assignment of B Value to C, ]

Subsequently, the image generation unit 35 calculates a B
value (C, b) assigned to each pixel of the color image 42.
With respect to the B pixel (the pixel having a gradation value
Sb, ) of the original image 41, the gradation value of a target
pixel is determined to be the B value of a pixel in the corre-
sponding position of the color image 42. For example, the
image generation unit 35 determines the gradation value (Sb,_
s) of the pixel of (1,))=(3, 5) of the original image 41 to be the
B value (C; 5b) of the pixel of (i,j)=(3, 5) of the color image
42.

In addition, with respect to an R pixel of the original image
41, the second vertically and horizontally adjacent pixels are
B pixels as illustrated in FIG. 2B. Therefore, the image gen-
eration unit 35 calculates B values (C, b) to be assigned to the
pixels in the corresponding arrangement positions of the
color image 42, with respect to the target R pixel, by using the
following equations (15) to (18).

[Math. 15]

13 =|Sbiss, j — Sbi_a j (15)
[Math. 16]

J3 = |Sb; j12 = Sby il (16
[Math. 17]

Sbisz j +Sbis ; amn

Ci b= 5 (when I3 < J3)
[Math. 18]

Sby 42 +Sb; . 18
Ci b= T (when 13 > 13) 1)

Moreover, with respect to a W pixel (a pixel having a
gradation value Sw, ), B pixels are arranged in the diagonally
upward right position and the diagonally downward left posi-
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tion or in the diagonally upward left position and the diago-
nally downward right position as illustrated in FIG. 2B.
Therefore, the image generation unit 35 calculates B values
(C,b) to be assigned to the pixels in the corresponding
arrangement positions of the color image 42, with respect to
the target W pixel, by using the following equations (19) and
(20).

Math. 19]
Sbi_y,jr1 +Sbiy1, 1

2
(when B pixels are arranged in diagonally upward right

19
C[yjb =

position and diagonally downward left position)
[Math. 20]

Sbi_y,j-1 +Sbiy1,in
2
(when B pixels are arranged in diagonally upward left

20
C;yjb: @0

position and diagonally downward right position)

Moreover, with respect to a G pixel (a pixel having a
gradation value Sg, ), a B pixel is arranged in one of the pixels
vertically and horizontally adjacent to the G pixel as illus-
trated in FIG. 2B. Therefore, the image generation unit 35
calculates B values (C, b) to be assigned to the pixels in the
corresponding arrangement positions of the color image 42,
with respect to the target G pixel, by using the following

equations (21) to (24).

[Math. 21]

C; b=Sb;,;; (when B pixel is arranged on lower side) (21)
[Math. 22]

C; b=Sb;_;; (when B pixel is arranged on upper side) (22)
[Math. 23]

C; ;b=Sb;;_; (when B pixel is arranged on right side) (23)
[Math. 24]

C;;b=Sb;;_; (when B pixel is arranged on left side) (24)

Through the above process, the image generation unit 35
calculates the R value (C, 1), the G value (C, g), and the B
value (C, b) assigned to the respective pixels of the color
image 42 and generates the color image 42.

[2. Calculation Process of an Exposure Control Value]

Next, the calculation process of the exposure control value
by the exposure level determination unit 33 is explained with
reference to the flowchart shown in FIG. 5.

The exposure level determination unit 33 calculates the
ratio (transparent pixel saturation rate) of the W pixels having
a saturated gradation value (W pixels whose gradation value
is maximum value) among the W pixels included in each
region of interest R1 to R28. Then, the exposure level deter-
mination unit 33 performs the processing of STEP 2 to STEP
4 with respect to each region of interest in which the trans-
parent pixel saturation rate is a transparent pixel saturation
threshold value Wth or more.

In STEP 2, the exposure level determination unit 33
acquires the R value (the R value (C, ;r) assigned to each pixel
of the color image 42 illustrated in FIG. 3), G value (the G
value (C,,g) assigned to each pixel of the color image 42
illustrated in FIG. 3), and B value (the B value (C, ;b) assigned
to each pixel of the color image 42 illustrated in FIG. 3) of
each pixel in the target region of interest.
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In next STEP 3, the exposure level determination unit 33
determines whether or not the ratio (color pixel saturation
rate) of pixels in which either of the R value, the G value, or
the B value is saturated (a pixel in which either the R value,
the G value, or the B value has a maximum gradation value)
among the total pixels in the region of interest, is equal to or
more than a color pixel saturation threshold value Cth.

Then, when the color pixel saturation rate is less than the
color pixel saturation threshold value Cth, a reierence grada-
tion value Y (corresponding to a second reference gradation
value of the present invention) is calculated from the R value,
the G value, and the B value by using the following equation
(25).

[Math. 25]

Y=0.3R+0.59G+0.118 (25)

On the other hand, when the color pixel saturation rate is
equal to or more than the color pixel saturation threshold
value Cth, the process branches to STEP 4 and does not
perform the calculation of the reference gradation value Y
since it is difficult to obtain effective luminance information.

When the loop processing of STEP 1 to STEP 5 terminates
as described above, the process proceeds to STEP 6, and the
exposure level determination unit 33 determines whether or
not one or more reference gradation value Y has been calcu-
lated. Then, if one or more reference gradation value Y has
been calculated, proceeds to STEP 7 and the exposure level
determination unit 33 calculates a weighting average value
Y .. (corresponding to a first reference gradation value of the
present invention) of the reference gradation values Y by the
following equation (26).

[Math. 26]

Yove=axY+aox Yot . .. +a,x Y,

Inthe above,Y ,,, is a weighting average value of reference
gradation values Y, to Y, (the suffix of Y suchas 1,2, .. .p
represent the number of the calculated reference gradation
value), a, to a, are weighting coefficients set respect to Y, to
Y, (a+ay+ ... +a,=1).

Here, among the regions of interest R1 to R28 shown in
FIG. 4B, the value of the weighting coefficients a, to a,, are
set, for example, to large values with respectto R14 to R17 or
the like in the center which are more likely to reflect the
character of a road, and set to small values with respect to R1,
R11 or the like which correspond to end portions o the road.

In the succeeding STEP 8, the exposure level determina-
tion unit 33 calculates an exposure control value E(t+1) used
in the next control cycle by using the following equation (27).

6

[Math. 27]

Eg+1)= Of' }',S X E(1) @n

Inthe above, E(t+1) is an exposure control value to be used
in the next control cycle (corresponds to a second exposure
level of the present invention), E(t) is an exposure control
value (corresponds to a first exposure level of the present
invention) used in the present control cycle (corresponds to a
control cycle of a predetermined time point of the present
invention), f is a set coefficient of the maximum permissible
gradation value of W pixel, S is a maximum gradation value
of W pixel (255 in the present embodiment), and « is a
sensitivity difference coefficient (coefficient for converting
Y .. to correspond to the gradation value of the W pixel).
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In the above equation (27), the ratio of the desired maxi-
mum permissible gradation value (3-S) of the W pixel and the
estimated value of the gradation value of the W pixel in the
present control cycle ('Y, in which the average valueY,
of'the reference gradation value is converted to correspond to
the gradation value of the W pixel) is multiplied to the expo-
sure control value E(t) used in the current control cycle,
thereby changing (correcting) it to calculate the exposure
control value E(t+1) to be used in the next control cycle.

On the other hand, in STEP 6, when a region of interest in
which the reference gradation value Y is calculated does not
exist, the process branches to STEP 20. Then, the exposure
level determination unit 33 calculates the exposure control
value E(t+) to be used in the next control cycle by using the
following equation (28).

[Math. 28]

ave

E@t+1)=0.8xE(?) (28)

Inthe above, E(t+1) is an exposure control value to be used
in the next control cycle, E(t) is a exposure control value used
in the current control cycle.

In the above equation (28), by calculating the exposure
control value E(t+1) to be used in the next control cycle by
multiplying 0.8 to the exposure control value E(t) used in the
current control cycle, the exposure level in the next control
cycle is reduced by 20%. Here, the setting of 20% is one
example, and may be set to other values according to the
imaging situation or the like of the camera 2.

3. Calculation Process of Sensitivity Difference Coeffi-
cient o

Next, the calculation process of sensitivity difference coef-
ficient a by the exposure level determination unit 33 is
explained in accordance with the flow chart shown in FIG. 6.
The sensitivity difference coefficient o corresponds to a lumi-
nance difference degree of the present invention.

The exposure level determination unit 33 calculates the
sensitivity difference coefficient o Lb regarding a plurality of
traffic lane blocks set in the image portion of the white lane of
the original image 41 (81 of FIG. 4A) by the process of STEP
30 to STEP 37 shown in FIG. 6, and also calculates the
sensitivity difference coefficient aRb regarding a plurality of
road blocks set in the image portion of the road in the original
image 41.

[3-1. Calculation of Sensitivity Difference Coefficient of
Traffic Lane Block]

The exposure level determination unit 33 extracts a plural-
ity of traffic lane blocks from the image portion of the white
lane in the original image 41 in STEP 30. Here, the size of the
traffic lane block may be the same as the size of the region of
interest, or may be different.

Similar to the above described STEP 1 and STEP 3 of FIG.
5, the exposure level determination unit 33 calculates the
transparent pixel saturation rate and the color pixel saturation
rate for each of the extracted traffic lane block. Then, process-
ing by the loop of STEP 31 to STEP 34 is performed with
respect to the unsaturated traffic lane blocks (Lb1, Lb2, .. .,
Lbh, corresponding to an unsaturated region and a second
unsaturated region of the present invention), in which the
transparent pixel saturation rate is less than the transparent
pixel saturation threshold value Wth and the color pixel satu-
ration rate is less than the color pixel saturation threshold
value Cth.

By the loop of STEP 31 to STEP 34, the exposure level
determination unit 33 calculates the average value Lbw of the
gradation values of the W pixels in the traffic lane block in
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STEP 32, and calculates the average value Lby of the refer-
ence gradation values Y of R, (i and B pixels in the traffic lane
block in STEP 33.

In the next STEP 35, the exposure level determination unit
33 calculates by using the following equation (29), the aver-
age value Lbw , , with respect to the average value Lbw of the
gradation value of the W pixels in each traffic lane block
calculated in STEP 32.

[Math. 29]
Lbwl + Lbw2 + ... + Lbwh (29)
Lbweye =
h
Inthe above, Lbw1l, Lbw2, ..., Lbwh are average values of

the gradation values of the W pixels in each traffic lane block
(h represents a number of traffic lane blocks in which the
average value of the gradation value of W pixels is calcu-
lated).

In STEP 36, the exposure level determination unit 33 cal-
culates the average value Lby,,, with respect to the average
value Lby of the reference gradation value Y of R, G, and B
pixels in each traffic lane block calculated in STEP 33 by
using the following equation (30).

[Math. 30]

_ Loyl +Lby2+... + Lbyh

30
Lby,,. =
Yave 7

In the above, Lbyl, Lby2, . . ., Lbyh are average values of
the reference gradation value Y of R, G and B pixels in each
traffic lane block (h represents a number of traffic lane blocks
in which the average value of the reference gradation valueY
of R, (i and B pixels is calculated).

In next STEP 37, the exposure level determination unit 33
calculates the sensitivity difference coefficient alLb (corre-
sponding to a second luminance difference degree of the
present invention) with respect to the traffic lane block by
using the following equation (31).

[Math. 31]
1B LbWaye (31
T oy,

In the above, o Lb is a sensitivity difference coefficient
with respect to the traffic lane block, Lbw,,, is an average
value of gradation values of W pixels of the traffic lane block,
Lby,,. is an average value of the reference gradation values Y
of R, G, and B pixels of the traffic lane block.

[3-2. Calculation of Sensitivity Difference Coefficient of a
Road Block]

The exposure level determination unit 33 extracts a plural-
ity of road blocks from the image portion of the road (80 of
FIG. 4A) in the original image 41 in STEP 40. Here, the size
of'the road block may be the same as the size of the region of
interest, or may be different.

Similar to the above described STEP 1 and STEP 3 of FIG.
5, the exposure level determination unit 33 calculates the
transparent pixel saturation rate and the color pixel saturation
rate for the extracted each road block. Then, processing by the
loop of STEP 41 to STEP 44 is performed with respect to the
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unsaturated road blocks (Rb1, Rb2, .. ., Rbk, corresponding
to an unsaturated region and a first unsaturated region of the
present invention), in which the transparent pixel saturation
rate is less than the transparent pixel saturation threshold
value Wth and the color pixel saturation rate is less than the
color pixel saturation threshold value Cth.

By the loop of STEP 41 to STEP 44, the exposure level
determination unit 33 calculates the average value Rbw of the
gradation value of the W pixels in the road block in STEP 42,
and calculates the average value Rby of the reference grada-
tion values Y of R, G, and B pixels in the road block in STEP
43.

In the next STEP 45, the exposure level determination unit
33 calculates by using the following equation (32), the aver-
age value Rbw ,,,, with respect to the average value Rbw ofthe
gradation values of the W pixels in each road block calculated
in STEP 42.

Math. 32]
Rbwl + Rbw2 + ... + Rbwk (32)
Rbwgye =
k
In the above, Rbw1, Rbw2, . .., Rbwk are average values

of the gradation value of the W pixels in each road block (k
represents a number of road blocks in which the average value
of the gradation value of W pixels is calculated).

In STEP 46, the exposure level determination unit 33 cal-
culates by using the following equation (33), the average
value Rby,,. with respect to the average value Rby of the
reference gradation value Y of R, G, and B pixels in each road
block calculated in STEP 43.

Math. 33]

_ Rbyl+ RBy2+ ...+ Rbyk 33)

Rb =
Yave %

In the above, Rbyl, Rby2, .. ., Rbyk are average values of
the reference gradation value Y of R, G and B pixels in each
road block (k represents a number of road blocks in which the
average value of the reference gradation value Y of R, G, and
B pixels is calculated).

In next STEP 47, the exposure level determination unit 33
calculates the sensitivity difference coefficient aRb (corre-
sponding to a first luminance difference degree of the present
invention) with respect to the road block by using the follow-
ing equation (34).

Math. 34]
o FOae (34)
= Ry,

In the above, aRb is a sensitivity difference coefficient
with respect to the road block, Rbw,, is an average value of
the gradation values of W pixels of the road block, Rby, , is
an average value of the reference gradation values Y of R, G,
and B pixels of the road block.

[3-3. Calculation of a Sensitivity Difference Coefficient]

In the succeeding STEP 38, by using the following equa-
tion (35), the exposure level determination unit 33 calculates
the sensitivity difference coefficient o used in the aforemen-
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tioned equation (27) by obtaining the weighted-average of the
sensitivity difference coefficient alb for the traffic lane block
calculated in STEP 37 and the sensitivity difference coeffi-
cient a.Rb for the road block calculated in STEP 47.
[Math. 35]

a=blxalb+b2xaRb (35)

Inthe above, o is a sensitivity difference coefficient, alLb is
a sensitivity difference coefficient for the traffic lane block,
aRb is a sensitivity difference coefficient for the road block,
and b1, b2 are weighting coefficients (b1+b2=1).

Here, FIG. 7 aims to explain the meaning of calculating the
exposure control value E(t+1) to be used in the next control
cycle by the aforementioned equation (27). The left side of
FIG. 7 illustrates a situation of the current control cycle in
which E(t) is used as the exposure control value, and the right
side illustrates a situation of the next control cycle in which
exposure control value E(t+1) calculated by the aforemen-
tioned equation (27) is used.

In the current control cycle, the gradation value of the W
pixel is saturated and since it is not possible to obtain the
actual gradation value ofthe W pixel, an assumed value W1 of
the gradation value of the W pixel is calculated as a corrected
gradation value by multiplying sensitivity difference coeffi-
cient a to the reference gradation value Y, 1 which is cal-
culated from the gradation values of unsaturated R, G, and B
pixels. Moreover, the maximum permissible value W2 of the
luminance in the next control cycle is calculated by S(255)xf.

In this case, the exposure control value E(t+1) to be used in
the next control cycle may be a value which reduces the
assumed value W1 of the gradation value of the W pixel in the
current control cycle to W2. In this regard, according to the
aforementioned equation (27), by calculating the exposure
control value E(t+1) to be used in the next control cycle by
multiplying W2/W1 (=-S/a'Y,,.) to the exposure control
value E(t) used in the current control cycle, it is able to
appropriately reduce the exposure level of camera 2 in the
next control cycle to a level which reduces W1 to W2.

Next, the generation process of high-sensitivity image 43
and wide dynamic range image 44 by the image generation
unit 35 is explained.

[4. Generation Process of High-Sensitivity Image]

The image generation unit 35 calculates a gradation value
(H, ) to be assigned to each pixel of the high-sensitivity image
43 by using the gradation value (Sw, ;) of the W pixel of the
original image 41 and R, G, and B values of each pixel of the
color image 42.

The image generation unit 35 first calculates a gray refer-
ence gradation valueY, ; with respect to each pixel of the color
image 42, by using the following equation (36).

[Math. 36]

¥, 70.3%C; 740.59xC; g +0.11xC, b (36)

Inthe above, Y, ; is areference gradation value, C, risanR
value of each pixel C, ; ofthe color image 42, C, ;g isa G value
of each pixel C, ;g of the color image 42, C, b is a B value of
each pixel C, ; of the color image 42, and 0.3, 0.59, and 0.11
are weighting coefficients determined by an experiment or the
like, though any other value may be used.

Thereafter, the image generation unit 35 calculates a ratio
a,  between the gradation value Sw, ; of each W pixel of the
original image 41 and the reference gradation value Y, ; of the
pixel of the color image 42 in the arrangement position cor-
responding to each W pixel, as a sensitivity difference cor-
rection coefficient by using the following equation (37).
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Math. 37]
Swi a7
G ;= ——
Y;yj

[4-1. Assignment of Gradation Value H, ; Corresponding to
W Pixel]

The image generation unit 35 assigns the gradation value
(Sw, ;) of the W pixel of the original image 41 to the gradation
value (H, ) of a pixel in the corresponding arrangement posi-
tion of the high-sensitivity image 43.

[4-2. Assignment of Gradation Value H, ; Corresponding to
G Pixel]

Inthe original image 41 illustrated in FIG. 2B, W pixels are
arranged in the positions horizontally or vertically adjacent to
a G pixel. Therefore, the image generation unit 35 calculates
a gradation value (H, ;) assigned to the pixel of the high-
sensitivity image 43 in the arrangement position correspond-
ing to the G pixel of the original image 41 by using equations
(38) and (39) described below.

[Math. 38]

Hy, = w XY, (38)
(when the W pixels are arranged in vertical positions)

[Math. 39]

H, = aj jy1 ‘;’ai,j—l XY, (39)

(when the W pixels are arranged in horizontal positions)

[4-3. Assignment of Gradation Value H, ; Corresponding to
R and B Pixels]

Inthe original image 41 illustrated in FIG. 2B, W pixels are
arranged diagonally upward and downward ofthe R pixel and
the B pixel. Therefore, the image generation unit 35 calcu-
lates gradation values (H, ;) assigned to the pixels of the
high-sensitivity image 43 in the positions corresponding to
the R and B pixels of the original image 41 by using the
following equation (40).

[Math. 40]

Qixl,jr1 + Qivl,j—1 + i1, j+1 + Qi-1,j-1
4

(40)

Hij= XY

Through the above process, the image generation unit 35 is
able to generate a high-sensitivity image 43 in which grada-
tion values (Hij) are assigned to the pixels corresponding to
the respective pixels of the original image 41, as illustrated in
FIG. 8A.

[5. Generation Process of Wide Dynamic Range Image|

The image generation unit 35 calculates a gradation value
(D; ) assigned to each pixel of a wide dynamic range image
44 by performing addition using a weighting function of the
following equation (41) between the pixels of the color image
42 and the pixels of the high-sensitivity image 43 in the
corresponding arrangement positions (the pixels in the same
arranged positions).
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[Math. 41]

1 “41)

W) = s

In the above, w(x) is a sigmoid function and g is a gain.
Incidentally, the above equation (41) is one example of the
weighting function and other weighting functions may be
used.

The image generation unit 35 calculates a normalized com-
posite gradation value (hdr, ;) by using an equation (42)
described below on the basis of a normalized gradation value
(h, ) obtained by normalizing the gradation value (H, ;) of the
high-sensitivity image 43 with respect to the maximum gra-
dation value (255 for 8-bit resolution or 1023 for 10-bit reso-
lution) and a normalized gradation value (y,,) obtained by
normalizing a reference gradation value (Y, ;) calculated by
the aforementioned equation (35) from the color image 42,
with respect to the maximum gradation value.

[Math. 42]

(L= wihy )X by j+wihy )xa’ Xy; ; 42)

o

hdr; ; =

[

In the above, h, ; and y, ; are normalized gradation values
and a' is a sensitivity difference correction coefficient a; ; of
the pixel calculated by the aforementioned equation (37) if
the target is a pixel corresponding to a W pixel, or a sensitivity
difference correction coefficient a, ; of the pixel correspond-
ing to the W pixel arranged in the periphery if the target is a
pixel corresponding to R, C or B.

Furthermore, in order to maintain the low gradation con-
trast, y conversion processing is performed for the normalized
composite gradation value (hdr, ;) by using an equation (43)
described below.

[Math. 43]

1 43)
D; j = Mbx (hdr; ;)Y

In the above, D, ; is a gradation value of a wide dynamic
range image and Mb is the maximum gradation value.

Through the above process, the image generation unit 35 is
able to generate a wide dynamic range image 44 in which a
gradation value (D, ) is assigned to the pixel corresponding to
each pixel of the original image 41 as illustrated in FIG. 8B.

[6. Object Detection Processing]

Next, the process by the object detection unit 36 is
explained. The object detection unit 36 switches among a
process of detecting an object from the color image 42, a
process of detecting an object from the high-sensitivity image
43, and a process of detecting an object from the wide
dynamic range image 44 according to the type of the detected
object or the imaging conditions of the camera 2.

[6-1. Object Detection by High-Sensitivity Image]

The object detection unit 36 detects a pedestrian from the
high-sensitivity image 43. The pedestrian is often of low
luminance. Therefore, a pedestrian existing around the
vehicle 1 is able to be detected with precision by using the
high-sensitivity image 43.
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The object detection unit 36 determines whether a pedes-
trian is likely to come in contact with the vehicle 1 at the time
of detecting the pedestrian. If determining that the pedestrian
is likely to come in contact with the vehicle 1, the object
detection unit 36 transmits a control signal for instructing to
execute a contact avoidance action to the vehicle controller 6.

In response to receiving the control signal, the display
displaying control unit 63 of the vehicle controller 6 displays
an alarm on the display 73. Moreover, the brake control unit
62 activates the brake device 72 to perform a contact avoid-
ance process, if necessary.

[6-2. Object Detection Using Wide Dynamic Range
Image]

The object detection unit 36 determines whether it is night
or not. Whether it is night or not is determined from, for
example, a state of whether headlights (not illustrated)
mounted on the vehicle 1 are on or off. Alternatively, the
vehicle 1 may be provided with an illumination sensor to
determine whether it is night or not from illuminance detected
by the illuminance sensor.

If it is night, the object detection unit 36 detects other
vehicles and pedestrians from the wide dynamic range image
44. Note here that it is necessary to detect objects of a wide
range of luminance levels from dark to light objects during
nighttime.

The dark objects include any other remote vehicle outside
the region illuminated by the headlights of the vehicle 1, an
interrupt vehicle, a suddenly appearing vehicle, a pedestrian
on a sidewalk outside the region illuminated by the headlights
of the vehicle 1, a pedestrian crossing the road, and the like.
Moreover, the light objects include the tail lights and stop
lights of a preceding vehicle, the headlights of an oncoming
vehicle, a pedestrian illuminated by the headlights of the
vehicle 1, and the like.

Therefore, during nighttime, other vehicles and pedestri-
ans can be detected by using the wide dynamic range image
44.

When detecting a pedestrian or another vehicle having a
possibility to come in contact with the vehicle, the object
detection unit 36 transmits a control signal for giving an
instruction to perform a contact avoidance action to the
vehicle controller 6 as described above.

[6-3. Object Detection Using the Color Image]

When it is not night, the object detection unit 36 detects a
lane mark laid on a road, other vehicles, and a traffic light
from the color image 42. Note here that, if the sky illuminance
of'daytime is sufficiently high, high sensitivity is unnecessary
to detect alane mark, other vehicles, and traffic light, but color
information needs to be acquired with high contrast.

Therefore, the object detection unit 36 detects the lane
mark, other vehicles, and traffic light from the color image 42.
In such case, the object detection unit 36 determines the
attributes of the lane mark from the color of the lane mark
(white line, yellow line, etc.). Moreover, the object detection
unit 36 determines whether or not there is a possibility to
rear-end by detecting a red color of tail light of the preceding
vehicle.

Then, the object detection unit 36 recognizes an image
portion of the road based on the detected position of the lane
mark, and transmits a control signal for lane keeping control
for keeping the vehicle 1 within a traffic lane to the vehicle
controller 6. In response to receiving this control signal, the
steering control unit 61 controls the operation of the steering
device 71.

Moreover, when the object detection unit 36 detects
another vehicle having a possibility to contact with the
vehicle, transmits a signal for giving an instruction to perform
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a contact avoidance action to the vehicle controller 6 as
described above. Furthermore, when the object detection unit
36 detects red light of a traffic light ahead, transmits an alarm
signal to the vehicle controller 6 in a case where the driver did
not perform a braking operation. In response to receiving the
alarm signal, the display displaying control unit 63 displays
an alarm on the display. In addition, the brake control unit 62
activates the brake device 72 to brakes the vehicle 1, if
needed.

In the present embodiment, the camera 2 using the imaging
element 22 attached with a filter 21 having an arrangement
pattern of R, G, B, and W as illustrated in FIG. 2A, was
explained. However, a filter 21-1 having other arrangement
pattern of R, G, B, and W as illustrated in FIG. 9A may be
used. A captured image (original image) in the case of using
the filter 21-1 of FIG. 9A is shown as 41-1 illustrated in FIG.
9B.

Moreover, in the present embodiment, an example of
mounting the image processing device of the present inven-
tion to the vehicle 1 was explained. However, it is not espe-
cially restricted to this embodiment, and the present invention
can be applied to various intended use such as monitoring
device or the like.

In the present invention, by the process of FIG. 6, the
sensitivity correction coefficient () is calculated based on
the gradation value and the reference gradation value Y of the
W pixels in the traffic lane block and the road block. However,
the sensitivity correction coefficient (o) may be a previously
set fixed value. Moreover, the sensitivity correction coeffi-
cient (o) may be calculated based on the gradation value and
the reference gradation value Y of the W pixels in either one
of the traffic lane block and the road block.

Moreover, in the present embodiment, according to the
process of STEP 1 to STEP 5 in FIG. 5, the exposure control
value E(t+1) to be used in the next control cycle is determined
by the above described equation (27) by calculating the ref-
erence gradation valueY in the region of interest in which the
color pixel saturation rate is less than the color pixel satura-
tion threshold value Cth and the average valueY,,, thereof,
with respect to the region of interest in which the transparent
pixel saturation rate is equal to or more than the transparent
pixel saturation threshold value Wth. However, the E(t+1)
may be obtained by changing E(t) based on only the trans-
parent pixel saturation rate.

Moreover, the exposure control value E(t+1) to be used in
the next control cycle may be determined by changing the
exposure control value E(t) used in the current control cycle
based on the transparent pixel saturation rate, and the average
value Y, of the reference gradation values Y by using an
equation other than the above described equation (27) or by a
map or the like.

Moreover, in the present embodiment, the exposure control
value E(t+1) to be used in the next control cycle is calculated
by setting a plurality of region of interests and by using the
gradation value of the W pixel and the average value of the
reference gradation values of R, CG and B pixels of each
region of interest. However, only one region of interest may
be set to calculate the exposure control value E(t+1).

INDUSTRIAL APPLICABILITY

As described above, according to the image processing
device of the present invention, an exposure level of a camera
using imaging elements including an arrangement of pixels
receiving light through a color filter and pixels receiving light
without using a color filter, can be appropriately set while
restraining complexity of circuit configuration and deteriora-

20

30

40

45

55

60

20

tion of image quality of the captured image. Therefore, it is
useful to improve the sensitivity of a color image.

DESCRIPTION OF THE REFERENCE
NUMERALS

1...Vehicle, 2 ... Camera, 3 ... Image controller, 6 . . .
Vehicle controller, 21 . . . Filter, 22 . . . Imaging element,
30 . . . Control circuit, 31 . . . Original image acquiring

unit, 32 . . . Region of interest setting unit, 33 . . .
Exposure level determination unit, 34 . . . Camera con-
trol unit, 35 . . . Image generation unit, 36 . . . Object

detectionunit, 41 . .. Original image, 42 . .. Color image,
43 . . . High-sensitivity image, 44 . . . Wide dynamic
range image.

The invention claimed is:

1. An image processing device comprising:

a camera configured to capture an image using an imaging
element including an arrangement of a plurality of color
light-receiving pixels which receive light through a
color filter and a plurality of transparent light-receiving
pixels which receive light without using the color filter;

a camera control unit configured to capture an image by the
camera at a predetermined exposure level for each pre-
determined control cycle;

aregion of interest setting unit configured to set at least one
predetermined region of interest with respect to an origi-
nal image captured by the camera and including an
arrangement of a plurality of color pixels with each color
pixel being assigned with a gradation value according to
a light-receiving level of each of the color light-receiv-
ing pixels and a plurality of transparent pixels with each
transparent pixel being assigned with a gradation value
according to a light-receiving level of each of the trans-
parent light-receiving pixels; and

an exposure level determination unit configured, for the
region of interest of the original image captured by the
camera using a first exposure level in a control cycle of
a predetermined time point, to calculate a transparent
pixel saturation rate which is a ratio of transparent pixels
whose gradation value is saturated among the transpar-
ent pixels in the region of interest, and to determine a
second exposure level which is an exposure level of a
next control cycle by changing the first exposure level
according to the transparent pixel saturation rate.

2. The image processing device according to claim 1,

wherein the exposure level determination unit is config-
ured, with respect to the region of interest, to calculate a
color pixel saturation rate which is a ratio of color pixels
whose gradation value is saturated among the color pix-
els, and when the color pixel saturation rate is less than
a predetermined color pixel saturation threshold value,
to calculate a gray first reference gradation value based
on the gradation value of each of the color pixels in the
region of interest, and to determine the second exposure
level based on the first reference gradation value.

3. The image processing device according to claim 2,

wherein the color filter is a three primary color filter, and
the color light-receiving pixels receive light through a
filter of either color among three primary colors, and

the exposure level determination unit is configured,

for each transparent pixel in the region of interest, to assign
each gradation value of the three primary color based on
the gradation value of the color pixels arranged in
periphery, and also for each of the color pixels in the
region of interest, to assign each gradation value of the
three primary color based on the gradation value of each
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of the color pixels or the gradation value of other color
pixels arranged in periphery,

to calculate a gray second reference gradation value of each
pixel from the each gradation value of the three primary
color assigned to the each pixel of the original image,
and to calculate the first reference gradation value by
averaging the second reference gradation value of the
each pixel.

4. The image processing device according to claim 3,

wherein the exposure level determination unit is config-
ured,

to extract an unsaturated region from the region of interest,
the unsaturated region being a region in which the trans-
parent pixel saturation rate is less than a first transparent
pixel saturation threshold value and also the color pixel
saturation rate is less than a second color pixel saturation
threshold value, and to calculate a luminance difference
degree between an average value of the gradation value
of'the transparent pixels in the unsaturated region and an
average value of the second reference gradation value of
the color pixels in the unsaturated region, and

to determine the second exposure level by using a corrected
gradation value in which the first reference gradation
value is corrected based on the luminance difference
degree.

5. The image processing device according to claim 4,

wherein the exposure level determination unit is config-
ured,

to determine the second exposure level based on a differ-
ence between a maximum permissible gradation value
of each transparent pixel and the corrected gradation
value, so as to reduce the difference.

22

6. The image processing device according to claim 4,

wherein the camera is mounted on the vehicle and images
a periphery of the vehicle, and

the exposure level determination unit is configured to
extract the unsaturated region from an image portion of
a road included in the original image.

7. The image processing device according to claim 6, com-

prising,

a lane mark detection unit configured to detect an image
portion of a lane mark laid on the road from the original
image, and

wherein the exposure level determination unit is config-
ured to recognize the image portion of the road included
in the original image based on a position of the image
portion of the lane mark detected by the lane mark detec-
tion unit.

8. The image processing device according to claim 7,

wherein the lane mark detection unit is configured to detect
an image portion of a white line as the image portion of
the lane mark, and

the exposure level determination unit is configured,

to extract a first of the unsaturated region from the image
portion of the road in the region of interest and also
extract a second of the unsaturated region from the
image portion of the white line in the region of interest,
and

to calculate the luminance difference degree used for a
calculation of the corrected gradation value by weight-
ing and averaging a first of the luminance difference
degree calculated for the first of the unsaturated region
and a second of the luminance difference degree calcu-
lated for the second of the unsaturated region.
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